ABSTRACT
INTRODUCTION
The plastics recycling industry in Australia is largely concerned with the recycling of post consumer domestic products such as plastic milk, drink and detergents bottles. Little attention is currently being paid on recycling of post consumer industrial plastics such as plastic pails and containers used in building and construction product packaging including paints, motor oils, greases etc. The recent survey shows that total packaging recycling rate is only 23.9% of which 39.69% is industrial packaging plastics (1) . It is estimated that around 10 million plastic pails are used in the Australian market every year.
This research work is aimed at developing strategies for reclaiming the post consumer industrial plastics for making new plastic products and to support a cleaner, waste free environment. The collaborating company in the research *Corresponding author: e-mail: smasood@swin.edu.au
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work presented here is the manufacturer of a wide range of plastic pails and containers used in construction and building products packaging, lubricants and grease packaging and food packaging. This company processes approximately 3000 tonnes of virgin high density polyethylene (HDPE) and polypropylene (PP) annually to manufacture its products, with HDPE products making up to 50% of the production. The main focus of the research is to develop advanced polymers from recycled industrial plastics to replace virgin resins.
For the better utilization of the recycled polyolefi ns their properties are modifi ed by blending with virgin polyolefi ns. For this to succeed, it is important to understand how the properties of recycled polyolefi ns will infl uence the properties of the virgin polyolefi ns and vice versa. Creep and creep recovery test are useful for studying material under very low shear rates or frequencies, under long test times, or under real use conditions (2) .
LITERATURE SURVEY
About half the weight of the total polymers produced in the world was composed of polyolefi ns. These are the cheapest plastics and are largely used for shortterm packaging. Among the commodity thermoplastics, the PP and HDPE had been employed in a large range of uses due to their good physical, mechanical, insulating, chemical, low cost and processing properties. A blend is a physical mixture of two or more polymers. Polyolefi n, combining polyethylene (PE) with polypropylene (PP), is the most broadly used plastic and its global production is estimated to have exceeded 80,000 kilo tonnes per annum (Kta) in 2001 (3) . High density polyethylene (HDPE) is a linear chain of CH 2 and has the crystallinity usually in the range of 60-80% range (maximum crystallinity of 90%) depending upon the crystallization conditions and molecular weight. Polypropylene (PP) has maximum crystallinity of 75%.
The general physical properties of PP and HDPE are similar. They are also similar in origin and manufacture. However, PE and PP differ in four important respects: PP has a relative density of 0.9; PE has relative density of 0.941 to 0.965. The service temperature of PP is higher. PP is harder, more rigid, and has a higher brittle point. PP is more resistant to environment stress cracking. However, in some cases, not all the characteristics of this material are suitable for common service condition. For instance, the size of PP crystal grains is relatively large, which easily causes cracks on the surface of spherulites and brittleness in application (4) . The reasons to develop new blends can be described from material and process point of view. The material-related reasons for blending are to develop materials with a full set of desired properties. These are to extend the engineering resins performance by diluting them with lowcost commodity polymers and to improve a specifi c property, e.g., impact strength, rigidity, ductility, chemical-solvent resistance, barrier properties, abrasion resistance, fl ammability, gloss, etc, to adjust the material performance to fi t customers specifi cations at the lowest price, to recycle plastics waste. The production related reasons for blending are better processability, with improved product uniformity and scrap reduction, product tailorability to specifi c customer needs, with better customer satisfaction, quick formulation changes, thus plant fl exibility and high productivity. Blending reduces the number of grades that need to be manufactured and stored, recyclability of blends achieved by control of morphology, thus improving economy. Utracki (5) found that two polyethylenes of different type chain structure are usually immiscible, whereas similar chain structures are normally miscible and show only one melting peak.
The stress-strain properties of crystalline polymers such as polyethylene and polypropylene depend upon molecular weight in a manner similar to amorphous polymers. However, the dependence upon molecular weight tends to be less apparent because the crystallites help to hold the material together in much the same way as chain entanglements do (6) .
EXPERIMENTAL
The recycled HDPE and PP fl akes were obtained from a local recycling company. The fl akes were obtained from the post consumer industrial pails, which are produced by collaborating company for its customers to be used as industrial packaging pails. The virgin materials used were obtained from the collaborating company, which buys from Qenos, a virgin resin manufacturer in Melbourne, Australia. For each case of PP and HDPE, blends of virgin resins with 20%, 40%, 60%, 80% and 100% by weight of recycled resins were used. Polymer blending was performed using a single screw Axon Pacifi c BX-12 extrusion blender. The injection moulded specimen for tensile and fl exural testing were produced using a "Battenfeld BA 350/75 Plus" injection moulding machine, using the same thermal settings which are used for producing pails in the collaborating company.
Tensile and fl exural testing was conducted using Zwick Z010 universal testing machine according to Australian Standard AS 1145. 1-2001 1- and AS 2132 1- -1978 respectively. Six samples were tested to obtain one set of result for each blend.
To obtain thermal properties Thermo Gravimetric Analyses (TGA) was run on TA Instruments SDT 2960 from room temperature up to 500 °C at 20 °C/min. Differential Scanning Calorimeter (DSC) scans were run on a TA Instruments DSC 2920 from -50 °C up to 200 °C at 10 °C/min, and then cooling cycle apply from 200 °C to 25 °C at 10 °C/min.
Density of all blends of polyolefi ns developed and virgin polyolefi ns were measured according to Australian Standard AS 1193-1989.
Creep and creep recovery test was conducted on TA instrument Dynamic Mechanical Analyzer DMA 2980. Dual cantilever type clamp was used to evaluate the creep properties at three different temperatures, which are 30 °C, 50 °C and 70 °C. Dimensions of specimen used for DMA experiments were 35 mm in length, 12 mm wide and 3 mm thick. To perform creep test accurately following key requirements were fulfi lled. Flexural stress of 1 MPa was applied on each sample for 30 min. After 30 min stress was removed and sample was studied for creep recovery for the next 30 min. Stress of 1 MPa was selected, as it is the stress level at which all blends of HDPE and PP shows linear viscoelastic properties.
RESULTS AND DISCUSSION

Mechanical and Thermal Properties
In the evaluation of mechanical properties it was observed that there was not much change in the mechanical properties of blends. As shown in Figure 1 , it is observed during the tensile test that as the content of recycled percentage in the blend of HDPE increases the trend follows there was a slight decrease in the tensile modulus and the fl exural modulus and the lower yield point shifted towards the lower strain. Similarly for PP, tensile modulus decreased as the weight percentage of recycled PP content increases in the blends of PP as shown in Figure 2 . The fl exural modulus as shown in Figure 2 shows a slight increase with the increase of weight percentage of recycled PP in the blends but the increase is not signifi cant. Since tensile stiffness is nearly constant for all blends of PP, a slight increase in the value of the fl exural modulus will predict an increase in compressive stiffness in the blends of PP with the increase of recycled PP. The tensile and fl exural strength for the blends of HDPE as shown in Figure 1 shows no signifi cant decrease with the recycled HDPE content increase in the HDPE blends. Similar trend followed for the blends of PP as indicated in Figure 2 . All blends of HDPE and PP are mechanically compatible and no premature breaking before the yield point was observed in any of the samples tested for tensile and fl exural properties evaluation.
The thermal stability of all blends of HDPE and PP was studied using TGA. The analysis showed the mass loss behavior as a function of temperature. All the blends for HDPE and PP show similar thermograms with a single mass loss zone centered around 440 °C for blends of HDPE and 360 °C for blends of PP. TGA measures the precise weight change of a solid as it is heated at a controlled rate. This showed that for HDPE, as shown in Figure 3 , that 95% weight loss occurred of HDPE at about same temperature with a slight variation. Where a 1% weight loss occurred for virgin HDPE at higher temperature comparing to blends of virgin and recycled HDPE. For PP, as shown in Figure 4 , the temperature at 95% weight loss for virgin PP is slightly higher than all other blends of virgin and recycled PP. Temperature at 1% weight loss for all blends of PP including virgin PP showed a linear trend with no signifi cant change in temperature.
The result of the thermal analysis as shown in Figure 3 and 4 gives information about the crystallinity of HDPE and PP blends. The degree of crystallinity slightly decreased from virgin HDPE to the blend containing 40% recycled HDPE and then there was signifi cant decrease in crystallinity for the blends containing more than 40% recycled HDPE. The degree of crystallinity for PP blends decreased linearly from the virgin to the blend of PP containing 60% Figure 3 . Thermal properties of HDPE blends recycled PP. There was no signifi cant change in the crystallinity of blends containing recycled PP more than 60% by weight.
From Figure 1 and 3 we can observe that modulus (tensile and fl exural) for HDPE and percentage crystallinity both follows the same linear trend. Similar results could be observed for PP from Figure 2 and 4. This can be explained that a higher degree of crystallinity means lower content of free volume and therefore an increase of stiffness generally follows (7) .
Creep Behaviour
The Figure 5 and Figure 6 show the effect of temperature on creep behaviour for virgin HDPE and recycled HDPE respectively. Figure 7 and Figure 8 show the same behaviour for PP resins. It is noted that at higher temperature, greater creep elongation was recorded. This is because higher temperature causes more compliance. When the temperature was increased from 30 °C to 50 °C, 
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It is desirable to illustrate the creep behaviour of a material using mathematical modulus. If an experimental result fi ts on mathematical model for short term creep experimental data, then it is possible to predict the long term creep behaviour. This is important as in real cases we are unable to run a month or year long creep experiments, when we wish to know long term performance of our product. As in this case our packaging buckets will be in operation for months or in some cases more than a year.
Detailed viscoelastic information can be extracted by fi tting creep curve versus time data to mathematical model using the usual spring-dashpot approach. The creep curves appear to have general shapes of reminiscent of the Burgers model consisting of a Maxwell element in series with a Kelvin-Voight element. We used fi ve-element model i.e., using fi ve Kelvin-Voight element in series with Maxwell element as shown in Figure 9 to obtain good curve fi t. The equation of motion for this confi guration subject to the relevant boundary condition is: Using the Burgers model, creep behaviour data were obtained for HDPE and PP resins for various temperatures. The parameters for each model were calculated using TA instrument Data Analysis software. Figure 10 and Figure 11 show the comparison of theoretical and experimental data for creep behaviour for virgin and recycled HDPE respectively at 30 °C. Figure 12 and Figure 13 show similar comparison for virgin and recycled PP resins respectively at 30 °C. Figures 10 and 11 show that good creep fi t is obtained for virgin and 
